. Representation of the mean-square-displacement (MSD) of all the atoms of the thermophilic (red) and mesophilic (blue) proteins residues at (A) 280 K and (B) 320 K. The MSD is computed with Eq. 3 (see Materials and Methods) at the time scale of 100 ps and is averaged over the 4 chains. For better comparison, the residues of both proteins have been structurally aligned with DALI (1). We have done the one-tailed Student's test on the hypothesis that d<u 2 >/dT (mesophilic) > d<u 2 >/dT (thermophilic). This hypothesis turns out to be true with a confidence of 70%. Despite such statistical confidence is not very large, the d<u 2 >/dT values already reflect a different thermal behavior that, when analysed in terms of the actual MSD as computed with Eq. 3, becomes more accentuated (to be published). This is due to the fact that instrumental resolution effects and approximations in the neutron scattering analysis reduce the actual MSD, as shown by Hayward and Smith (2)
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Structural Data
The structures of the thermophilic (Malate Dehydrogenase from Methanococcus Jannaschii) and mesophilic (Lactate Dehydrogenase from pig muscle) proteins were obtained from the 1HYG (3) and 9LDT (4) entries in the Protein Data Bank, respectively. Both structures are tetrameric and consist of 1252 and 1324 residues respectively. In Zaccai's study (5) , instead, the source of the mesophilic lactate dehydrogenase investigated in the experiments was Oryctolagus cunniculus, but as there is no crystallographic structure available for this protein they used the homologue (90% sequence identity) from pig-muscle to explain the structural basis of their finding. Because we need a crystallographic structure as a starting point of the simulations we have used the latter structure.
Brownian Dynamics simulations
We performed the Brownian Dynamics simulation (BD) with a code developed by Elcock and co-workers (6) in a previous work for the simulation of concentrated protein solutions. We have followed the same setup as Elcock and co-workers (7). In short, atomic partial charges and protonation states of protein residues were determined with the PDB2PQR server (8) using PropKa (9) . This gives a total charge of -24e and 6e for the thermophilic and mesophilic proteins at pH=7.5, the same pH as in the neutron scattering experiment. For the calculation of electrostatic interactions we first computed protein electrostatic potentials. To this aim, APBS calculations (10, 11) have been performed with a focussing grid of 4 Å and 2 Å. The ion concentration was set to 35 mM, the same as in the neutron scattering experiment (5) (considering KCl at 20 mM and the ion concentration from the added Tris-HCl solution at pH=7.5), with a radius of 2.0 Å. Subsequently, we used the SDA software to derive effective charges (12, 13) from these electrostatic potentials to compute electrostatic interactions. BD simulations need infinite-dilution translational and rotational diffusion coefficients as input parameters and, as they have not been measured experimentally, these were calculated with the Hydropro software (14) using default parameters. The strength of hydrophobic interactions is described with the ε LJ parameter of a Lennard-Jones potential and was set to 0.185 and 0.285 kcal/mol for the thermophilic and mesophilic proteins (see below for calibration procedure). The protein model used for BD simulations includes, in addition to effective charges, all non-hydrogen atoms exposed to the solvent, which were determined with a 4 Å solvent probe using MMTK (15) . The APBS, SDA and Hydropro calculations have been performed independently at the three temperatures studied (280, 300 and 320 K). The dielectric constant of water has been set to 85.05, 77.70 and 70.94 at 280, 300 and 320 K respectively (16) . The water viscosity has been set to 1.47, 0.89 and 0.58 cP at 280, 300 and 320 K respectively (16) .
Calibration of ε LJ for Brownian dynamics simulations
The strength of hydrophobic interactions, ε LJ , is the only adjustable parameter of the energy model. It is usually calibrated by fitting experimental data such as the second virial coefficient or the self-diffusion coefficient. Therefore, it implicitly corrects for deficiencies of the model in describing intermolecular interactions.
For the thermophilic protein, the only available experimental data suitable for ε LJ calibration is the concentration dependence of the radius of gyration obtained by smallangle neutron scattering (SANS) (17) . Because the radius of gyration, Rg, measured by SANS arises from the radial distribution function, g(r), (see section below on SANS), which is an equilibrium property, this calibration guarantees that the energy model describes properly the system thermodynamics. BD simulations were run at two concentrations (3.3 and 10 mg/mL) and under the same experimental conditions (T=298.15K, pH=8.0, 100 mM KCl). For computing the SANS spectra of these simulations, it is worth pointing out that the integral in Eq. 2 to compute the structure factor, S(Q), is very sensitive to small deviations of g(r) at long distances due to the r dependence. For this reason, we have run very long simulations (50 µs) to achieve as much convergence as possible of g(r) at long distances and the integral was computed up to 350 Å. We used the form factor, P(Q), of a sphere with a radius fitting the experimental value of Rg extrapolated to zero concentration. The Q-range used was the same as in the experiment: (Rg app ·Q = 0.3-1.3). We tested different values of the ε LJ parameter (0.150, 0.185 and 0.200 kcal/mol) and the corresponding results are plotted in Figure S4 . The ε LJ value of 0.185 kcal/mol was found to have the best agreement with the experimental value, which is close to previously reported ε LJ values used for other proteins (6, 7). We have also calibrated ε LJ with the same experimental data at 343.15 K to test the temperature-dependence of this parameter. By running BD simulations as before, we found that ε LJ,343 = 0.275 kcal/mol matches the experimental data pointing to a strong temperature-dependence of the parameter. To have an estimation of the values of ε LJ that should be adopted at the three temperatures under study we have interpolated ε LJ at 280, 300 and 320 K (ε LJ,280K = 0.135 kcal/mol; ε LJ,300K = 0.180 kcal/mol; ε LJ,320K = 0.225 kcal/mol). By running BD simulations of the crowded solution with these parameters, we observe that these new parameter values have mild changes in the diffusion coefficient and, thus, <u 2 >. Thus we have decided to adopt the initial value of ε LJ = 0.185 kcal/mol for the simulations at the three studied temperatures.
For the mesophilic protein, there is no experimental data available for calibration so that we have used the value of ε LJ = 0.285 kcal/mol as in ref (7), which was shown to be adequate to reproduce the experimental self-diffusion coefficient of the Green Fluorescent Protein in E. coli cells. We have adopted the same parameter value at the three temperatures studied and show that fits remarkably well the temperaturedependence of <u 2 >, as shown in the main text.
Small-Angle Neutron Scattering (SANS)
SANS provides information on the molecular weight, shape and intermolecular interactions in solution. The scattering intensity from small-angle neutron scattering experiments, I(Q), is given by the product of the structure factor, S(Q), the form factor, P(Q), and the protein concentration, ρ (18):
The form factor depends on the shape of a single molecule. It can be obtained from analytical functions that have been developed for some geometrical shapes or from computer programs like CRYSON (19) . The structure factor, on the other hand, provides information on intermolecular interactions as is related to the radial distribution function, g(r), of intermolecular distances (18):
S Q 1 4πρ g r 1 sin Qr Q ∞ r dr (2) where r is the inter-protein distance and Q the modulus of the scattering vector.
From the scattering intensity, I(Q), one can extract the effective radius of gyration (Rg) under the Guinier approximation provided that Rg·Q ≤ 1:
The slope of a natural log plot of I(Q) vs Q 2 gives Rg. The radius of gyration obtained in this way provides an average measure of intermolecular interactions. When Rg increases with sample concentration, this is indicative of attractive intermolecular interactions.
The radial distribution function, g(r), can be easily obtained from Brownian dynamics simulations by averaging intermolecular distances over the total simulation length and
